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Measles outbreak in 31 schools: risk factors
for vaccine failure and evaluation of a selective
revaccination strategy

Lilian Yuan, MD, MSc, CCFP, FRCPC

Objective: To examine the risk factors for measles vaccine failure and to evaluate the effec-
tiveness of a selective revaccination strategy during a measles outbreak.
Design: Matched case-control study.
Setting: Thirty-one schools in Mississauga, Ont.
Subjects: Eighty-seven previously vaccinated school-aged children with measles that met the
Advisory Committee on Epidemiology's clinical case definition for measles. Two previously
vaccinated control subjects were randomly selected for each case subject from the same
homeroom class.
Interventions: All susceptible contacts were vaccinated, and contacts who had been vacci-
nated before Jan. 1, 1980, were revaccinated. When two or more cases occurred in a school
all children vaccinated before 1980 were revaccinated.
Main outcome measures: Risk of measles associated with age at vaccination, time since
vaccination, vaccination before 1980 and revaccination.
Results: Subjects vaccinated before 12 months of age were at greater risk of measles than
those vaccinated later (adjusted odds ratio [OR] 7.7, 95% confidence interval [CI] 1.6 to
38.3; p = 0.01). Those vaccinated between 12 and 14 months of age were at no greater risk
than those vaccinated at 15 months or over. Subjects vaccinated before 1980 were at greater
risk than those vaccinated after 1980 (adjusted OR 14.5, 95% CI 1.5 to 135.6). Time since
vaccination was not a risk factor. Revaccination was effective in reducing the risk of measles
in both subjects vaccinated before 1980 and those vaccinated after 1980 (adjusted OR re-
duced to 0.6 [95% CI 0.1 to 5.3] and 0.3 [95% CI 0.13 to 2.6] respectively). However, only
18 cases were estimated to have been prevented by this strategy.
Conclusions: Adherence to routine measles vaccination for all eligible children is important
in ensuring appropriate coverage with a single dose. The selective revaccination strategy's
high labour intensiveness and low measles prevention rate during the outbreak bring into
question the effectiveness of such a strategy.

Objectif: Examiner les facteurs de risque lies 'a un echec du vaccin antirougeoleux et eva-
luer l'efficacite d'une strategie de revaccination selective au cours d'une poussee de rougeole.
Conception : Etude de cas-t6moins jumeles.
Contexte : Trente et une ecoles de Mississauga (Ont.).
Objet: Quatre-vingt sept enfants d'age scolaire atteints de la rougeole malgre une vacination
anterieure et satisfaisant a la definition d'un cas clinique de rougeole du Comite consultatif
de l'epidemiologie. On a choisi au hasard, pour chaque cas, deux sujets temoins anterieure-
ment vaccines provenant de la meme classe-foyer.
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Interventions: Tous les contacts possibles ont ete vaccines et les contacts qui avaient ete
vaccines avant le lerjanvier 1980 ont etd revaccines. Dans les ecoles oi deux cas ou plus ont
ete signales, tous les enfants vaccines avant 1980 ont et6 revaccines.
Principales mesures de resultats: Risque de contracter la rougeole, en fonction de I'age au
moment de la vaccination. du temps ecoul6 depuis la vaccination, du fait que la vaccination
soit anterieure a 1980, et de la revaccination.
Resultats: Les sujets vaccines avant l'age de 12 mois risquaient plus d'etre atteints de la
rougeole que les sujets vaccines plus tard (risque relatif [RR] rajuste de 7,7, intervalle de
confiance [IC] 'a 95 % de 1,6 a 38,3 p = 0,01). Les sujets vaccines entre l'age de 12 et 14
mois n'etaient pas plus a risque que les sujets vaccins 'a l'age de 15 mois ou plus. Les sujets
vaccines avant 1980 etaient plus a risque que les sujets vaccines apres 1980 (RR rajust6 de
14,5, IC 'a 95 % de 1,5 'a 135,6). Le temps ecoule depuis la vaccination n'etait pas un facteur
de risque. La revaccination a r6duit le risque de rougeole 'a la fois chez les sujets vaccines
avant 1980 et chez ceux qui F'ont 6te apris 1980 (RR rajuste ramene a 0,6 [IC 'a 95 % de 0,1
a 5,3] et 0,3 [IC a 95 % de 0,13 a 2,6] respectivement). On estime toutefois que cette
strategie n'a permis de prevenir que 18 cas.
Conclusions: I1 importe de continuer de vacciner regulierement contre la rougeole tous les
enfants admissibles afin de bien les proteger a ['aide d'une seule dose. Comme la strategie de
revaccination selective consomme beaucoup de main-d'oeuvre et comme le taux de preven-
tion de la rougeole est faible en cas de poussee, l'efficacite d'une telle strategie est remise en
question.

E limination of measles was strongly advocated
during the 1980s in Canada. ' From 1981 to 1989
incidence rates were under 17 per 100 000 popu-

lation except for outbreaks in 1986 and 1989, when the
national rates were 59.1 and 42.5 per 100 000 respec-
tively.34 In Ontario from September 1989 to September
1992 over 8500 cases were reported, for an average an-
nual incidence rate of 42 per 100 000 (Monika Naus,
Ontario Ministry of Health, Toronto: personal communi-
cation, 1993).

The National Advisory Committee on Immuniza-
tion (NACI) recommends that all children be vaccinated
against measles on or as soon as possible after their first
birthday and that in an outbreak all contacts and their
siblings who have no proof of immunity or were vacci-
nated before Jan. 1, 1980, be vaccinated immediately un-
less valid contraindications exist.' The recommendation
of a selective revaccination strategy in Canada has been
controversial because the rationale was based on US re-
ports that suggested children vaccinated before 1980 are
at increased risk of measles.67 The intensive resources
required to implement such a strategy has led to resis-
tance among public health departments. Ontario was the
only province that attempted to implement such a strat-
egy during outbreaks.

In recent years case-control and retrospective co-
hort studies, mostly from the United States, have re-
ported risk factors for measles vaccine failure. The age
at vaccination, especially before 12 months of age, has
been a strong risk factor.'-"' Moreover, some studies have
shown that vaccination between 12 and 14 months is as-
sociated with a higher rate of vaccine failure than vacci-
nation at 15 months of age or more.689' '- The lack of
provider-verified vaccination records was found to occur
more commonly in measles cases than in nonmeasles
cases in some studies.6"'4 Vaccination before 1980 and

waning immunity have also been reported as risk
factors.6'7

In September 1990 a measles outbreak in an On-
tario health unit provided an opportunity to conduct a
study to investigate two issues: (a) the risk factors for
vaccine failure during measles outbreaks and (b) the ef-
fectiveness of a selective revaccination strategy in con-
trolling measles outbreaks.

With 31 schools involved in the outbreak and small
attack rates per school, a case-control study was more
feasible than a retrospective cohort study. The latter de-
sign would have required the follow-up of thousands of
students in many schools.

Background information

Mississauga, just west of metropolitan Toronto, had
a population of 450 000 in 1990, and 128 elementary
and 27 secondary schools. School-aged children between
5 and 19 years of age constituted 22% (99 457) of the
population. Since 1982 the Ontario Immunization of
School Pupils Act'5 has required that all children provide
proof of immunity against measles and other diseases
preventable by vaccine or face suspension from school.
Proof of immunity is the receipt of measles vaccine on
or after the first birthday, documentation of measles di-
agnosed by a physician or serologic evidence of immu-
nity. Only medical or philosophic exemptions are per-
mitted under the act.

Outbreak control measures included contact trac-
ing, vaccination of susceptible contacts and revaccina-
tion of contacts vaccinated before Jan. 1, 1980. When
two or more cases occurred at a school all the students
vaccinated before 1980 were revaccinated. Students who
could not or would not be vaccinated were excluded
from school until 2 weeks after the onset of the last case
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in the school. Revaccination was not generally recom-
mended for people vaccinated after 1980; however,
some parents sought revaccination for these children
from their physicians.

Methods

A case-control study was conducted in which each
subject with measles reported between Sept. 1 and Dec.
31, 1990, to the Peel Regional Health Unit was matched
to two control subjects randomly selected from the same
classroom. Selection of control subjects who shared the
same air space in the classroom as the case subjects en-
sured equivalent risk of measles exposure between the
two groups.

Case subjects

Case subjects had to meet the clinical case defini-
tion for measles of the Advisory Committee on Epidemi-
ology:5 temperature of 38.3°C or greater and cough,
coryza or conjunctivitis followed by generalized macu-
lopapular rash for at least 3 days. The confirmed case
definition required the presence of one of the following:
(a) measles virus isolated in specimens, (b) a fourfold
rise in the serum antibody titre, (c) the presence of
measles-specific IgM or (d) clinically suspected measles
in a person known to be a contact of a person with labo-
ratory-confirmed measles.5 Case subjects were excluded
from the study if they (a) had never received measles
vaccine, (b) were vaccinated with more than one dose of
measles vaccine before Sept. 1, 1990, or (c) did not at-
tend school in Mississauga.

Information was gathered from parents and phys-
icians over the telephone by public health nurses during
the initial management phase of the outbreak. Parents or
physicians were contacted later by the investigator to
verify the day, month and year of vaccination in written
records. Vaccination records were defined as nonverifi-
able if no written documentation of a vaccination date
was available and incomplete if the full date was un-
available.

Control subjects

Randomly allocated numbers were used to select
two control subjects per case subject from homeroom
class lists. Similar exclusion criteria were applied, with
the following additions: (a) documented history of
measles, (b) signs and symptoms that met the clinical or
confirmed case definition for measles during the out-
break or (c) absence from class during the entire infec-
tious period of the matched case subject.

Information was gathered with a standard question-
naire mailed to the parents and returned in a self-
addressed, stamped envelope. The first reminder was
sent 3 to 4 weeks after the questionnaire had been

mailed; a second reminder was sent if no response was
received after another 3 to 4 weeks. Vaccination dates
were verified in the same manner as with case subjects.

Dependent and independent variables

The outcome of interest was the presence or absence
of measles that met the clinical case definition. The inde-
pendent variables of interest were defined as follows.

* Age at vaccination: the number of months be-
tween the date of birth and the date of vaccination, ex-
amined both as a categoric variable (less than 12
months, 12 to 14 months, 15 or more months) and as a
continuous variable.

* Time since vaccination: the number of years from
the date of vaccination until the date of disease onset in
the case subject, examined as a categoric variable (less
than 5 years, 5 to 9 years, 10 or more years) and as a
continuous variable.

* Verifiability of vaccination records: a dichoto-
mous variable for which the ability to confirm vaccina-
tion dates was used to classify subjects.

* Vaccination before or after 1980: a dichotomous
variable defined as the receipt of measles vaccine before
or after Jan. 1, 1980.

* Revaccination during the outbreak: a dichoto-
mous variable for which the receipt of measles vaccine
before disease onset was used to classify subjects.

Sample size

Sample size was calculated on the basis of measles
vaccination frequency of 48% at 12 to 14 months,
measles risk of 6.2 (95% CI 4.0 to 9.9) if vaccination oc-
curred at 12 to 14 months, two-sided ax value of 5% and
a power of 90%. The frequency of vaccination was ob-
tained from an analysis of 10 391 randomly chosen stu-
dent vaccination records from the Ontario Ministry of
Health. Measles risk was estimated from a meta-analysis
of published studies.6'8"' To detect an odds ratio between
2 and 7 in a 2:1 matched case-control study, sample
sizes of 24 to 148 are required.'6

Statistical analysis

Conditional logistic regression with maximum like-
lihood estimation of regression coefficients was used in
the multivariate analysis.'7

Results

Between Sept. 1 and Dec. 31, 1990, 132 cases of
measles were reported to the health department (Fig. 1);
126 met the clinical case definition, and 61 (48.4%) of
these cases were serologically confirmed. Sixty-nine
(54.8%) of the subjects were male. Immunization status
was verifiable in 106 (84.1%) cases.
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The index case subject, whose disease was serolog-
ically confirmed, was a 17-year-old student who had re-
ceived measles-rubella vaccine at S months of age. The
source of infection was unknown. The disease spread
from this student to a 15-year-old cousin in the same
school. Nineteen cases in three generations occurred at
the index school.

The mean age of the case subjects was 11.6 years
(range 11 months to 37 years). The age-specific inci-
dence rate was highest among children 10 to 14 years of
age (147.5 per 100 000); the next highest rates were
among children 15 to 19 years (74.8 per 100 000) and
those 5 to 9 years (71.6 per 100 000). In all, 101 (80.2%)
of the 126 case subjects had been vaccinated; however,
for 17 (13.5%) vaccination was before the age of 12
months. Of the 99 case subjects for whom the year of
vaccination was available, 54 were vaccinated before
and 45 after Jan. 1, 1980.

Complications of measles were reported in 29
(23.0%) of the cases: otitis media in 12 (9.5%), pneumo-
nia in 7 (5.6%), bronchitis in 5 (4.0%), and fever, dehy-
dration and cough in 5 (4.0%). In six of these cases ad-
mission to hospital was required, but no deaths occurred.
The nonvaccinated and vaccinated groups did not differ
in terms of types of complications. However, signifi-
cantly more of the subjects in hospital than of those not
in hospital were nonvaccinated (4/6 v. 4/23, p = 0.03,
Fisher's exact test).

Of the 126 cases 102 (81.0%) occurred in 31
schools. Vaccination coverage rates in these schools
ranged from 69% to 98% (median 94%). Attack rates
were less than 1% in 90% of the schools. Twenty
schools had 1 reported case, eight had 2 to 9 cases, and
three had 11 to 19 cases. There was no correlation be-
tween the attack rates and the coverage rates in the
schools. Despite revaccination clinics at 10 schools, 53
(42.1 %) cases occurred before these clinics could take
place.

Of the
Committee

126 cases 42 (33.3%) met the Advisory
on Epidemiology's definition of a pre-

Fig. 1: Number of cases of measles reported during an

outbreak in Mississauga, Ont., from Sept. 1 to Dec. 31,
1990.

ventable case.5 In 17 (40.5%) vaccination had occurred
before 12 months of age, in 15 (35.7%) the subjects
were over 13 months of age and had not been vacci-
nated, and in 10 (23.8%) they were over 12 months of
age with no documented receipt of live measles vaccine.

Case-control study

Of the 126 case subjects 87 were included in the
case-control study after application of the exclusion cri-
teria. Of the remaining 39 subjects 24 were not students,
13 had not been vaccinated, and 2 had received two
doses of measles vaccine. Vaccination records were veri-
fiable for 81 (93.1 %) of the eligible case subjects.

The questionnaire was returned by 161 (89.4%) of
the control subjects selected. A total of 26 were ex-
cluded: 9 had been vaccinated twice, 8 had not been vac-
cinated, 5 met the clinical case definition for measles,
and 4 were matched to case subjects excluded from the
study. Vaccination records were verifiable for 122
(90.4%) of the eligible control subjects.

The characteristics of the subjects are described in
Table 1. The students in the case group were more likely
than those in the control group to have been vaccinated
before 1980 (55.2% v. 40.7%, p = 0.05) and before 12
months of age (21.2% v. 2.9%, p < 0.01). In contrast, the
control subjects were more likely to have been revacci-
nated during the outbreak (33.6% v. 10.3%, p < 0.01).

The multivariate logistic regression model showed
an inverse relation between age at vaccination and risk
of measles (Table 2). The students at greatest risk during
the outbreak were those who had been vaccinated under
12 months of age. Those vaccinated between 12 and 14
months of age were at no significantly greater risk than
those vaccinated at 15 months or later.

Duration of vaccination was not found to be a sig-
nificant risk factor in the analysis. The verifiability of
records was not assessed, since this variable did not dif-
fer significantly between the two groups.

Of the subjects who were previously vaccinated
with a single dose of vaccine, those who had been vacci-
nated before 1980 were at greater risk than those who
had been vaccinated after 1980 (Table 3). However, re-
ceipt of a second dose (revaccination) appeared to be ef-
fective in reducing the risk in both groups.

Discussion

In this study the equivalence of exposure to measles
between the case and control groups was controlled with
the selection of case and control subjects from the same
classrooms. The high proportion of verifiable vaccina-
tion records, the high response rate and the low fre-
quency of missing values reduced the risk of information
bias. Despite these strengths, selection bias could still
have been introduced, since only reported cases from
September to December 1990 were included and the out-
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break was not over until the end of May 1991.
The proportion of inadequately vaccinated individ-

uals in this outbreak was 33.3%, as compared with
17.6% in another outbreak in Ontario.'8 The significant
risk this poses emphasizes the importance of ensuring
adequate measles vaccination of all nonvaccinated chil-
dren 12 months of age and older and revaccination of all
those vaccinated before 12 months of age.

Children vaccinated between 12 and 14 months
demonstrated no significant risk for measles in the study.
This may have been because the power to detect this
level of risk was only 50% with 44 discordant pairs in
the analysis;'9 if greater study power were present this
variable may have been found to be significant, as re-
ported elsewhere.68'93" The other explanation is that these
children may in fact not be at increased risk,7" 020 possibly
because many were born during the 1970s and 1980s,
when mothers were more likely to have vaccine immu-
nity rather than natural immunity from measles. It has
been suggested that infants of mothers who have vaccine
immunity acquire lower levels of antibody at birth and
lose antibody at an earlier age than infants of mothers
with natural immunity and thus have a reduced possibil-
ity of interference from live measles vaccine.2' Waning
immunity and the nonverifiability of the vaccination
records were not significant risk factors in this outbreak.

Subjects vaccinated before 1980 were at greater
risk than those vaccinated after 1980. This could have
been because of a higher rate of primary vaccine failure
before the addition of an improved heat stabilizer to the
measles vaccine in 1980 or because of poorer vaccine
handling practices before 1980. In this outbreak the case
subjects were more likely than the control subjects to
have been vaccinated not only before 1980 but also be-
fore 12 months of age. These two risk factors were pres-
ent in the index case subject, and both contributed to the
spread of measles in this outbreak.

Revaccination significantly reduced the risk of
measles among subjects who had been vaccinated before

1980. It also appeared to reduce the risk among those
who had been vaccinated after 1980. The lack of a statis-
tically significant decline in this group was likely due to
low study power. However, despite the protective effect
of revaccination, the actual number of cases prevented
by this strategy was relatively small. If one assumed that
the ratio of case subjects vaccinated before 1980 to those
vaccinated after 1980 were maintained after the revacci-
nation period, one would have expected 25 cases of
measles in people vaccinated before 1980. In fact, only
seven such cases were reported. Thus, the targeted re-
vaccination strategy may have prevented 18 cases.

The implementation of the revaccination strategy
during this outbreak was extremely labour intensive: it
involved the review of all vaccination records in each
school, the distribution and collection of consent letters

Age at Adjusted OR
vaccination, mo (and 95% Cl)* p value

<12 7.7(1.6-38.3) 0.01
12-14 1.7 (0.8-3.4) 0.14
215 1.0(-) -

OR = odds'ratio, Cl = confidence interval.

Adjusted OR
Variable (and 95% CI)

One dose
Before 1980
After 1980

Two doses
First dose before 1980
First dose after 1980

14.5 (1.5-135.6)
1.0 (-)

0.6 (0.06-5.3)
0.3 (0.13-2.6)

Case subjects Control subjects
Characteristic (n = 87) (n =135) |

MaIe:female ratio 1.4 0.9
Mean age (and standard
deviation [SD]), yr 11.8 (3.9) 11.5 (4.0)

Subjects whose vaccination
date could be verified
.from records, % 93.1 90.4

Subjects vaccinated before 1980 55.2 40.7
Mean age at-vaccination
(and SD), yr 1.4 (1.1) 2.6 (3.0)

Subjects vaccinated before
|12 mo, % 21.2 2.9
Subjects revaccinated during
outbreak, % 10.3 33.6
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to approximately 8500 parents of children who had been
vaccinated before 1980 and the provision of 10 school-
based revaccination clinics. Only in four schools was it
possible to hold revaccination clinics after only two re-
ported cases. In the other six schools the bulk of cases
occurred before the revaccination clinics could take
place. Even though a second dose of vaccine is protec-
tive, the difficulty in ensuring rapid revaccination of
people at risk and the substantial effort associated with
preventing each case brings into question the feasibility
of such a strategy.22 The US Immunization Practices Ad-
visory Committee has instead recommended a routine
two-dose measles vaccination strategy for all children.23

In conclusion, the findings from this study empha-
size the importance of ensuring adequate one-dose
measles vaccination for all children. Although a selec-
tive revaccination strategy is of limited effectiveness
during an outbreak, a second dose of vaccine may fur-
ther reduce the risk of measles.

I thank the late Dr. Randy Coates for his critical review of the
study and the staff at the Peel Regional Health Unit for their
assistance with the data collection.
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